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Abstract
The protection motivation theory (PMT) is a
well-known theory of behaviour change. This
study tested the applicability of the sub-con-
structs of threat and coping appraisal in predict-
ing adolescents’ smoking-related behavioural
intentions and smoking behaviour longitudinally.
Adolescents (N¼ 494) aged 11–16 years and not
currently smoking at baseline participated in the
study. Predictive validity of PMT constructs was
tested in a path analysis model. Self-efficacy sig-
nificantly predicted behavioural intention at
baseline, which significantly predicted behav-
ioural intention at follow-up, which in turn pre-
dicted smoking behaviour at follow-up. The
effect of self-efficacy on behavioural intention at
follow-up was mediated by behavioural intention
at baseline and the effect of self-efficacy on smok-
ing behaviour was mediated by behavioural in-
tention at baseline and follow-up. In conclusion,
we found support for one part of the PMT,
namely for the predictive validity of the coping
appraisal construct self-efficacy in predicting
adolescents’ smoking-related behavioural inten-
tion and smoking behaviour. These results fail to
support the appropriateness of the PMT’s
construct threat appraisal in longitudinally pre-
dicting adolescents’ smoking as well as the ap-
plicability of communicating fear and negative
information as preventive interventions for this
target group.
Introduction
One prominent theory of behaviour change is the
protection motivation theory (PMT) [1, 2]. The
PMT has been described as a theory belonging to
the ‘social cognitions models’ which propose that
peoples’ intentions are best predicted by their cog-
nitions [3]. It has been widely used in programmes
evaluating the effect of persuasive communications
targeting health-promoting and health-compromis-
ing behaviours [4]. Surprisingly, little research has
used the PMT to examine youth smoking behaviour.
This study examines the applicability of the PMT as
a theoretical framework to predict the development
of smoking behaviour over the course of 2.5 months
in a sample of German adolescents.
According to the PMT, ‘threat appraisal’ and
‘coping appraisal’ determine peoples’ ‘protection
motivation’ (i.e. intention) to engage in a health-
related behaviour [3]. ‘Threat appraisal’ consists
of the ‘perceived severity’ of the potential health
threat and the ‘perceived vulnerability’ of the indi-
vidual to be affected by the negative consequences
of the threat. A third factor that was subsequently
added to the theory [1] and is also assumed to influ-
ence threat appraisal is called ‘rewards of maladap-
tive response’ and comprises the rewards a person
expects to get from the maladaptive behaviour (e.g.
weight control or expected social approval by means
of cigarette smoking) [4]. Greater motivation to
engage in the health-promoting behaviour (e.g.
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non-smoking) is therefore expected if the perceived
severity and vulnerability are high and perceived
rewards are low. ‘Coping appraisal’, on the other
hand, consists of the coping resources to deal with
the perceived threat available to the individual [4].
Coping appraisal consists of perceived ‘response-
efficacy’ and ‘response costs’, as well as ‘self-
efficacy’. Response-efficacy describes the
individual’s perception of how the recommended
health-promoting behaviour can effectively reduce
the threat and response costs capture perceived costs
that are associated with the recommended behaviour
(e.g. negative social consequences from the peer
group for smoking cessation). ‘Self-efficacy’ is the
individual’s belief that he/she can succeed in the
recommended behaviour [5] and was also added to
the original theory during a revision [1]. ‘Response-
efficacy’ and ‘self-efficacy’ are expected to promote
‘coping appraisal’, whereas ‘response costs’ are ex-
pected to reduce it.
Results of research on the PMT have been sum-
marized in two meta-analyses. One meta-analysis,
which analysed 27 studies concluded that sub-con-
structs of both threat and coping appraisal were able
to predict health-related intentions and concurrent
behaviour, but less useful in predicting future behav-
iour, with the predictive validity of coping appraisal
exceeding the predictive validity of threat appraisal
[6]. The results of the other meta-analysis analys-
ing 65 studies [7] suggested that coping appraisal
variables and especially self-efficacy are the stron-
gest predictors of protection motivation and
behaviour.
In the area of addiction research, the PMT has
recently received some attention in a review of the-
ories of behaviour change and their potential value
in informing interventions [3]. With regard to smok-
ing behaviour, one of the meta-analyses [7], which
included six studies on smoking, concluded that
coping appraisal variables showed stronger effects
regarding prevention of smoking and smoking ces-
sation than threat appraisal variables. However, only
a few studies have examined the applicability of the
PMT in explaining adolescent smoking. Greening
[8] found that PMT variables significantly predicted
current smoking behaviour in a cross-sectional
correlational study with 690 high-school students
(14–19 years old). Significant predictive effects
were reported for severity, vulnerability, rewards
of maladaptive response and response-efficacy in a
multiple regression model. Maddux and Rogers [9]
used written information about the health conse-
quences of smoking and successfully manipulated
PMT variables in an experimental design. Their aim
was to influence behavioural intentions to quit
smoking in a sample of 153 undergraduate students,
who were regular smokers (>10 cigarettes per day
for the previous year). Self-efficacy and response-
efficacy emerged as the only significant factors to
predict intentions to quit, with self-efficacy being
the strongest. However, they did not examine any
effects on smoking behaviour.
The aim of this study was to examine the applic-
ability of the PMT in explaining adolescent smoking
behaviour longitudinally. First, we wanted to assess
how well the different constructs of threat and
coping appraisal predict smoking-related behav-
ioural intentions cross-sectionally in a sample of
adolescent non-smokers at baseline. Furthermore,
we analysed whether these factors predict
smoking-related behavioural intentions and smok-
ing behaviour at follow-up, directly or mediated
by behavioural intention at baseline. On the basis
of previous research, we hypothesize that both
coping appraisal and threat appraisal variables
will be significant predictors of intention and
behaviour.
Methods
Procedure
All study procedures were approved by the ethics
commission of the German Psychological Society.
Participants completed questionnaires at baseline
(T1) and at follow-up (T2) 2.5 months later.
Questionnaires at T1 and T2 were connected using
a code (first two letters of first name of mother and
father) and participants’ age and gender, thus guar-
anteeing anonymity and confidentiality. Parental
consent of participation in the study was requested
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beforehand by letters sent to the schools and distrib-
uted by teachers.
Participants
The analyses are based on 494 students from 18
German secondary schools from the area of
Heidelberg and Mannheim in southwest Germany.
These schools participated in a cluster-randomized
controlled trial that aimed at evaluating the effect-
iveness of a clinic-based emotionally arousing inter-
vention for tobacco prevention in adolescents.
Participants’ age range was 11–16 years
(mean¼ 13.15, SD¼ 0.89) and 50.61% were
female. Of 930 eligible students, 673 (72.4%)
were included at baseline. Excluded students were
either not present in the classroom on the day of the
assessment (n¼ 154), were current smokers
(n¼ 70), or gave inconsistent self-reports of their
current smoking status (n¼ 33). Of this sample,
n¼ 110 (16.3%) were lost to follow-up, because
they were not present in the classroom at the time
of the assessment. To ensure sufficient quality of
self-reported data, observations with more than
50% missing values on all variables and more than
66% missing values on items of any scale con-
sidered in the analyses were excluded (n¼ 61).
Observations with missing values on gender or
smoking status at T2 were excluded as well
(n¼ 8), resulting in an analytical sample of 494 stu-
dents (53.1% of eligible students). Those students
excluded from the analyses (n¼ 179) did not signifi-
cantly differ from the analytical sample with regard
to age and gender. However, they reported lower
perceived severity (excluded: mean¼ 5.07,
SD¼ 3.24; analysed: mean¼ 5.93, SD¼ 2.73;
t(671)¼ 3.4, P< 0.001), lower self-efficacy
(excluded: mean¼ 3.31, SD¼ 0.87; analysed:
mean¼ 3.50, SD¼ 70; t(632)¼ 2.7, P< 0.01) and
higher response costs (excluded: mean¼ 2.09,
SD¼ 0.98; analysed: mean¼ 1.71, SD¼ 0.88;
t(665)¼4.8, P< 0.001) at T1.
Measures
For an operationalization of the constructs in the
areas of threat appraisal, coping appraisal and
intentions specified by the PMT, we built on the
work of Pechmann et al. [10]. Specifically, the
scales ‘perceived severity’, ‘vulnerability’ and
‘self-efficacy’, several items of the scales ‘rewards
of maladaptive response’ and ‘response costs’, and
the single item for ‘behavioural intention’ were
adopted from the English version developed by
Pechmann et al. [10]. These measures have previ-
ously shown good psychometric properties (internal
consistency of the scales Cronbach’s a ranging from
0.7 to 0.8) and have been extensively used in effect-
iveness studies of anti-smoking advertisements with
adolescent samples [10, 11].
Threat appraisal (T1)
‘Perceived severity’ of smoking was assessed with
10 items concerning the areas of health, physical
attractiveness, finances and harm to others.
Participants were asked to mark each consequence
of smoking they considered very serious on a dichot-
omous scale (e.g. ‘Dying sooner’). Because of the
good internal consistency (Cronbach’s a¼ 0.86), an
average score was created. ‘Perceived vulnerability’
to consequences of smoking was assessed using the
same 10 items as the perceived severity of smoking
scale, asking participants how likely each conse-
quence was to occur if they smoked regularly (e.g.
‘I would die sooner’). Answers were recorded on a
5-point Likert scale ranging from 1 (very unlikely)
to 5 (very likely). Again, an average score was cal-
culated (internal consistency: Cronbach’s a¼ 0.84).
‘Rewards of maladaptive response’ were assessed
with eight items concerning benefits of smoking
on mood, concentration, social approval and
coping with boredom (e.g. ‘I would feel less
stressed.’). Participants had to indicate each positive
consequence they expected if they smoked on a di-
chotomous scale. A sum score was calculated over
all items of the scale. The scale had low internal
consistency (Cronbach’s a< 0.5) and was therefore
excluded from further analyses.
Coping appraisal (T1)
‘Response-efficacy’ was assessed with eight items
concerning the benefits from not smoking or quitting
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smoking in the areas health, independence, social
approval and money (e.g. ‘I would stay healthier.’).
‘Response costs’ were assessed with three items
concerning the areas of social disapproval and loss
of fun (e.g. ‘I would be made fun of’). Participants
were asked how likely each benefit or cost was if
they continued not to smoke or would stop smoking
on a 5-point Likert scale ranging from 1 (very un-
likely) to 5 (very likely). Average scores were cal-
culated for both scales. The response-efficacy
scale had high internal consistency (Cronbach’s
a¼ 0.92) and the response costs scale had adequate
internal consistency (Cronbach’s a¼ 0.77). ‘Self-
efficacy’ at refusing a cigarette offer was assessed
with three items (e.g. ‘If a friend offers me a cigar-
ette, I can say no’). Participants were asked to
answer on a 4-point Likert scale ranging from 1
(very unlikely) to 4 (very likely). An average score
was calculated over the items of the scale. The scale
had good internal consistency (Cronbach’s
a¼ 0.85).
Behavioural intention (T1 and T2)
‘Behavioural intention’ was assessed with the item:
‘If someone offers me a cigarette in the near future, I
will decline.’ Participants were asked to answer on a
4-point Likert scale ranging from 1 (very unlikely)
to 4 (very likely).
Current smoking status and smoking
behaviour (T2)
Self-reported smoking behaviour was assessed with
the one question ‘On how many days have you
smoked a cigarette in the last 30 days?’ To approxi-
mate a normal distribution and reduce the impact of
outliers, a log-transformed variable was used in the
analyses [12]. Current smokers were determined
based on this question to reflect past 30-day smoking
status (dichotomized to yes–no). Biochemical veri-
fication of self-reports was conducted for a random
subsample of two schools at both baseline (n¼ 74
students) and follow-up (n¼ 72 students) using
carbon-monoxide breath analysers (BMC 2000 CO
Monitor, Senko Co., Ltd, Korea). When utilizing a
cut-off score of 9 ppm CO, self-reported smoking
within the last 7 days (assessed with the question:
‘When was the last time you smoked a cigarette?’)
matched breath analyser results in 94.6% of students
at baseline [70 correct negatives and 4 false posi-
tives (self-report: yes; biochemical verification: no)]
and 88.9% at follow-up [64 correct negatives, 6 false
positives (self-report: yes; biochemical verification:
no), and 2 false negatives (self-report: no; biochem-
ical verification: yes)].
Analysis plan
Remaining missing values on the items protection
motivation (n¼ 14) and intention (n¼ 13) were
imputed by means of multiple imputation by
chained equations [13, 14] utilizing the ICE proced-
ure for Stata 10.1 [15]. ICE assumes that missing
values are missing at random and imputes these
values by using the maximum available information
for an individual from other items in the imputation
model. A manifest path analysis model was esti-
mated using Mplus 5 [16]. A just identified model
with zero degrees of freedom was calculated, in
order to assess how well the variables at T1 pre-
dicted behavioural intention at T1 and T2, and
smoking behaviour at T2 and to test indirect
effects and mediation. The model tested can be
seen in Fig. 1.
The small number of schools prevented the use of
sandwich estimators, which are usually applied to
adjust standard errors in cluster sampling designs.
As suggested in the literature [17], the usual 5%
a-error threshold was elevated to 1% in order to
counteract reporting significant effects that might
result from artificially enhanced test power due to
underestimated standard errors.
Since data for this study were obtained from an
intervention study with an intervention-control
group design we first conducted a multiple-group
path analysis. As no significant between-group dif-
ferences emerged from this analysis, we pooled
groups and report only the one group model in this
article. Results from the multiple-group path ana-
lysis model are available from the corresponding
author upon request.
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Results
Descriptive statistics and correlations
Table I contains the sample characteristics. All stu-
dents reported to be non-smokers at T1. Students
reported rather high values of severity, vulnerability,
self-efficacy and response-efficacy at T1 and high
values of behavioural intention at T1 and T2. A total
of 22 students (4.5%) were classified as current
smokers at T2. The bivariate correlations between
all study variables included in the path analysis
model are displayed in Table II. There were weak
to moderate correlations between behavioural inten-
tion (T1) and severity, vulnerability, response-
efficacy and response costs, and a strong correlation
between behavioural intention (T1) and self-
efficacy. Behavioural intention at T2 was weakly
to moderately correlated with self-efficacy and
weakly negatively with response costs.
Behavioural intention at T1 and T2 moderately cor-
related with each other. The correlation between
smoking behaviour and behavioural intention at
T2 was moderate and negative.
Path analysis model
Results of the path analysis model can be found in
Table III. Self-efficacy significantly predicted be-
havioural intention at T1. Furthermore, behavioural
intention at T1 significantly predicted behavioural
intention at T2, which in turn significantly predicted
smoking behaviour. All other predictors at T1 did
not reach significance. No significant effects of age
and gender on any of the outcomes were observed
(Table III).
Fig. 1. Graphical representation of the estimated path analysis model. Notes: T1, assessed at baseline; T2, assessed at follow-up.
Table I. Descriptive statistics (n¼ 494)
Variables Mean (SD)/n (%) Range
Age (T1) 13.15 (0.89) 11–16
Gender (female) 250 (50.6%) —
Severity (T1) 5.93 (2.73) 0–10
Vulnerability (T1) 3.93 (0.66) 1–5
Self-efficacy (T1) 3.50 (0.70) 1–4
Response-efficacy (T1) 4.14 (1.03) 1–5
Response costs (T1) 1.71 (0.88) 1–5
Behavioural intention (T1) 3.71 (0.71) 1–4
Behavioural intention (T2) 3.74 (0.70) 1–4
Current smokers (T2) 22 (4.5%) —
Smoking frequency (T2) 0.25 (1.97) 0–30
Notes: T1, assessed at baseline; T2, assessed at follow-up.
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Self-efficacy had a significant indirect association
with behavioural intention at T2 via behavioural in-
tention at T1 (Beta¼ 0.14, t¼ 4.1, P< 0.001) and a
significant indirect association with smoking behav-
iour, via behavioural intention at T1 and T2
(Beta¼0.07, t¼3.7, P< 0.001). This suggests
that the effects of self-efficacy on behavioural inten-
tion at T2 and smoking behaviour are fully mediated
by behavioural intention at T1. No other indirect
association with behavioural intention at T2 or
smoking behaviour reached significance.
The explained variance of the three dependent
variables in the path model was 43.8% for behav-
ioural intention at T1, 9.3% for behavioural
intention at T2 and 14.4% for smoking behaviour
(Table III).
Discussion
The aim of this study was to analyse, how well the
constructs of threat and coping appraisal, as defined
by the PMT, predict smoking-related concurrent as
well as future behavioural intentions and future
smoking behaviour in adolescents. The results of
this study provide only partial support for the PMT
in the context of adolescent smoking. Contrary to
our hypotheses, the threat appraisal constructs per-
ceived severity of the health threat and perceived
vulnerability were not able to significantly predict
concurrent or future behavioural intention and future
smoking behaviour. On the other hand and consist-
ent with our hypotheses, the coping appraisal con-
struct self-efficacy exhibited some predictive value,
suggesting that self-efficacy may be the strongest
predictor of concurrent smoking-related behavioural
intention. Furthermore, self-efficacy was the only
construct that significantly predicted subsequent be-
havioural intention mediated by baseline behav-
ioural intention and smoking behaviour mediated
by behavioural intention at baseline and follow-up.
The mediating role of behavioural intention between
self-efficacy and smoking behaviour is consistent
with the PMT. This suggests that a high confidence
of adolescents in their ability to resist cigarette
offers is associated with a high intention to decline
these offers, which was in turn, related to behaviour.
Furthermore, the results suggest that intentions are
somewhat stable over time.
These findings are consistent with the results re-
ported by Maddux and Rogers [9] in a study on
smoking undergraduate students with respect to
the role of self-efficacy. However, our findings
also extend these results. First, we found a predictive
effect of self-efficacy on smoking-related concur-
rent and future behavioural intention in a sample
of adolescents who were non-smokers at baseline.
Second, we showed that this predictive value of self-
efficacy extends to actual smoking behaviour.
In contrast to the findings of Greening [8], we exam-
ined future instead of current smoking behaviour
Table II. Correlations among variables (n¼ 494)
Variables 1 2 3 4 5 6 7 8 9
1. Age (T1)
2. Gender 0.13**
3. Severity (T1) 0.00 0.05
4. Vulnerability (T1) 0.02 0.01 0.26***
5. Self-efficacy (T1) 0.06 0.03 0.09* 0.20***
6. Response-efficacy (T1) 0.11* 0.10* 0.11* 0.15** 0.23***
7. Response costs (T1) 0.02 0.09 0.08 0.03 0.06 0.10*
8. Behavioural intention (T1) 0.02 0.03 0.13** 0.23*** 0.65*** 0.23*** 0.11*
9. Behavioural intention (T2) 0.05 0.05 0.08 0.04 0.18*** 0.03 0.12* 0.26***
10. Smoking frequency (T2) 0.02 0.07 0.01 0.01 0.00 0.05 0.03 0.01 0.24***
Notes: T1, assessed at baseline; T2, assessed at follow-up; gender is coded 1¼male, 2¼ female. *P< 0.05; **P< 0.01;
***P< 0.001.
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and did not find significant effects of any of the
threat appraisal variables.
Furthermore, our results are in line with previ-
ous research suggesting that coping appraisal,
and of this construct especially self-efficacy, is
the better predictor of health behaviour than threat
appraisal; therefore, threat communication may
be less important in influencing this behaviour
[18, 19]. Our results are also consistent with studies
that highlight the importance of self-efficacy in
adolescent smoking, e.g. in protecting against a re-
lapse [20].
Relatively high values in severity and vulnerabil-
ity were reported by our participants. These findings
are consistent with previous research. Reyna and
Farley [21] have argued that adolescents already
feel vulnerable, and vulnerability may decrease as
they get older. Yet, in our sample, these factors were
not associated with behavioural intention and smok-
ing behaviour. These results potentially suggest that
within the examined age group, the perception of
threat from smoking may not be the leading deter-
minant of smoking behaviour and other factors may
be more important.
Regarding practical implications, this study
points at the importance of enhancing adolescents’
perceived self-efficacy in refusing and abstaining
from cigarettes, even though the relationship of
self-efficacy with smoking behaviour may be indir-
ect and mediated by behavioural intention. Some
possibilities to improve self-efficacy, such as mas-
tery experiences and vicarious experiences have
been noted by Webb et al. [3]. Teenagers can for
example be taught to refuse cigarette offers in a role-
play-type intervention. Interventions based on a
social resistance skills and life-skills interventions
both incorporate, among others, aspects that are
meant to improve adolescents’ self-efficacy in re-
sisting pro-smoking peer group influence. There
are results supporting the efficacy of these types of
interventions [22].
Limitations and strengths
Several limitations of this study have to be noted.
First of all, the small number of schools in the
sample precluded accounting for the clustered struc-
ture of the data in our path analysis model. In order
to counteract this, we adopted a more conservative
level of significance (1%).
Another limitation of this study is that the path
analysis model was tested with manifest variables.
Testing with latent variables would have been ad-
vantageous in order to assess the constructs free of
measurement error; however, due to the small
sample size and the high number of constructs
included, latent testing was not feasible in this
study. Furthermore, the follow-up interval of 2.5
months used in this study was short. As adolescent
smoking develops over longer periods of time,
Table III. Predictors and dependent variables in the path analysis model (standardized regression coefficients, t ratios in brackets
and explained variance, n¼ 494)
Predictors DV: behavioural intention (T1) DV: behavioural intention (T2) DV: smoking frequency (T2)
Severity (T1) 0.04 (1.2) 0.06 (1.3) 0.01 (0.2)
Vulnerability (T1) 0.09 (2.4) 0.02 (0.4) 0.00 (0.2)
Self-efficacy (T1) 0.60 (20.6)*** 0.04 (0.8) 0.05 (1.0)
Response-efficacy (T1) 0.07 (1.9) 0.11 (2.3) 0.09 (2.1)
Response costs (T1) 0.06 (1.7) 0.11 (2.4) 0.06 (1.4)
Behavioural intention (T1) — 0.24 (4.2)*** —
Behavioural intention (T2) — — 0.38 (9.3)***
Age (T1) 0.00 (0.1) 0.04 (0.8) 0.00 (0.1)
Gender 0.03 (0.8) 0.05 (1.1) 0.06 (1.5)
Explained variance (R2) 43.8% 9.3% 14.4%
Notes: T1, assessed at baseline; T2, assessed at follow-up; DV, dependent variable. Gender is coded 1¼male, 2¼ female.
**P< 0.01; ***P< 0.001.
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future studies should increase the length of this
interval.
Concerning the sample of this study, it should
be noted that only students from certain types of
schools (no upper track schools were included)
and from a certain area in Germany participated.
Therefore, our sample cannot be considered rep-
resentative for adolescents in Germany and re-
sults should therefore be treated with caution.
The generalizability of our findings may be fur-
ther limited, since students excluded from our
analyses reported lower perceived severity,
lower self-efficacy and higher response costs
than the analysed sample at baseline and these
variables may be associated with subsequent
smoking behaviour.
There was low agreement between self-reports
of smoking and breath analyser results in our
study with regard to identifying current smokers
(low sensitivity). Although we are not able to
control for this mismatch, as only a subsample
of students was tested for breath CO, we overall
do not expect our self-reports to be more unreli-
able than other smoking studies with adolescents,
since we took the usual precautions against false
self-reports (e.g. anonymity and confidentiality
was ensured to participants, questionnaires were
anonymously coded, data were collected by pro-
ject staff and not by teachers or school
employees).
Lastly, only 14.4% of the variance of smoking
behaviour at follow-up was accounted for by our
model, suggesting that other influence factors not
incorporated by the PMT have a large effect on
smoking. In this study, we examined the ability of
cognitive, intentional factors within the individual to
predict behaviour. This approach excludes influ-
ences of habit, stereotypes and reactive action con-
trol, which have all been found to be better
predictors of adolescents’ smoking behaviour than
intentions [23]. Additionally, social factors such as
peer-context and peer-influence are assumed to have
a large impact on adolescent substance use behav-
iour [24]. Future research should aim at testing the
influences of these factors on adolescent smoking
simultaneously.
A major strength of this study concerns the use of
longitudinal data, which enabled us to test the pre-
dictive value of the different components of the
PMT prospectively—a need that has been expressed
by Norman et al. [4].
Conclusions
The results of our study highlight the importance of
smoking-related self-efficacy in adolescent smok-
ing, which is in line with the assumptions of the
social cognitive theory [25], stressing the fundamen-
tal role of self-efficacy for human agency. The lack
of predictive validity of threat appraisal variables
such as perceived severity of the health threat and
perceived vulnerability in predicting concurrent and
subsequent smoking-related behavioural intention
and subsequent smoking behaviour provides further
indication that communicating fear and negative in-
formation to adolescents as means of smoking pre-
vention may not be the most effective strategy.
Instead, it may be more fruitful to enhance adoles-
cents’ self-efficacy to resist cigarettes by strengthen-
ing their refusal skills utilizing interactive
intervention methods.
Acknowledgements
The authors thank the Thoraxklinik Heidelberg and
all participating schools and students. The content of
this paper is solely the responsibility of the authors.
The funding source had no involvement in the
design of the study, in the collection, analysis, and
interpretation of the data, in the writing of the manu-
script, and in the decision to submit the paper for
publication.
Funding
German Lung Fundation (Deutsche
Lungenstiftung, e.V.).
Conflict of interest statement
None declared.
J. Thrul et al.
690
References
1. Rogers RW. Cognitive and physiological processes in fear
appeals and attitude change: a revised theory of protection
motivation. In: Cacioppo J, Petty R (eds). Social
Psychophysiology. New York: Guilford Press, 1983, 153–76.
2. Rogers RW, Deckner CW. Effects of fear appeals and
physiological arousal upon emotion, attitudes, and cigarette
smoking. J Pers Soc Psychol 1975; 32: 222–30.
3. Webb TL, Sniehotta FF, Michie S. Using theories of behav-
iour change to inform interventions for addictive behaviours.
Addiction 2010; 105: 1879–92.
4. Norman P, Boer H, Seydel ER. Protection motivation theory.
In: Conner M, Norman P (eds). Predicting Health
Behaviour: Research and Practice with Social Cognition
Models. Maidenhead: Open University Press, 2005, 81–126.
5. Bandura A. Self-efficacy: toward a unifying theory of behav-
ioral change. Psychol Rev 1977; 84: 191–215.
6. Milne S, Sheeran P, Orbell S. Prediction and intervention in
health-related behavior: a meta-analytic review of protection
motivation theory. J Appl Soc Psychol 2000; 30: 106–43.
7. Floyd DL, Prentice-Dunn S, Rogers RW. A meta-analysis of
research on protection motivation theory. J Appl Soc Psychol
2000; 30: 407–29.
8. Greening L. Adolescents’ cognitive appraisals of cigarette
smoking: an application of the protection motivation theory.
J Appl Soc Psychol 1997; 27: 1972–85.
9. Maddux JE, Rogers RW. Protection motivation and self-ef-
ficacy: a revised theory of fear appeals and attitude change. J
Exp Soc Psychol 1983; 19: 469–79.
10. Pechmann C, Zhao G, Goldberg M et al. What to convey in
antismoking advertisments for adolescents: the use of pro-
tection motivation theory to identify effective message
themes. J Market 2003; 67: 1–18.
11. Pechmann C, Reibling ET. Antismoking advertisements for
youths: an independent evaluation of health, counter-indus-
try, and industry approaches. Am J Public Health 2006; 96:
906–13.
12. Tabachnick BG, Fidell LS. Using Multivariate Statistics.
Boston, MA: Allyn & Bacon, 2001.
13. van Buuren S, Boshuizen HC, Knook DL. Multiple imput-
ation of missing blood pressure covariates in survival ana-
lysis. Stat Med 1999; 18: 681–94.
14. Royston P. Multiple imputation of missing values: further
update of ice, with an emphasis on categorical variables.
Stata J 2009; 9: 466–77.
15. Stata Corp. 2007. Stata Statistical Software: Release 10.
College Station, TX: StataCorp LP, 2007.
16. Muthe´n LK, Muthe´n BO. Mplus User’s Guide. Los Angeles,
CA: Muthe´n & Muthe´n, 2007.
17. Kuntsche E, Rossow I, Simons-Morton B et al. Not early
drinking but early drunkenness is a risk factor for problem
behaviors among adolescents from 38 European and North
American Countries. Alcohol Clin Exp Res 2013; 37:
308–14.
18. Ruiter RAC, Abraham C, Kok G. Scary warnings and ra-
tional precautions: a review of the psychology of fear ap-
peals. Psychol Health 2001; 16: 613–30.
19. Ruiter RAC, Verplanken B, Kok G et al. The role of coping
appraisal in reactions to fear appeals: do we need threat in-
formation? J Health Psychol 2003; 8: 465–74.
20. van Zundert RMP, Nijhof LM, Engels RCME. Testing social
cognitive theory as a theoretical framework to predict smok-
ing relapse among daily smoking adolescents. Addict Behav
2009; 34: 281–6.
21. Reyna VF, Farley F. Risk and rationality in adoles-
cent decision making. Psychol Sci Public Interest 2006; 7:
1–44.
22. Botvin GJ, Griffin KW. School-based programmes to pre-
vent alcohol, tobacco and other drug use. Int Rev Psychiatr
2007; 19: 607–15.
23. Rivis A, Sheeran P, Armitage CJ. Explaining adolescents’
cigarette smoking: a comparison of four modes of action
control and test of the role of self-regulatory mode.
Psychol Health 2009; 25: 893–909.
24. Simons-Morton BG, Farhat T. Recent findings on peer group
influences on adolescent smoking. J Primary Prev 2010; 31:
191–208.
25. Bandura A. Social cognitive theory: an agentic perspective.
Annu Rev Psychol 2001; 52: 1–26.
Protection motivation and smoking
691
